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Abstract 
With the development of funds market, the research of funds performance evaluation are becoming an important topic in the field of financial 
engineering. In the previous research, performance evaluation of investment funds was based on some typical hypothesis, and higher moment 
of the assets return was mostly neglected. However, a great amount of research, both theoretical and empirical, has supported the existence of 
nonnormality of portfolio return and the important role of higher moments of return in the investors’ utility. This has led to widespread 
suspicion of the validity of the traditional evaluation methodology. In this paper, data envelopment analysis (DEA) is used to evaluate the 
performance of the funds in the consideration of higher moments. The results show that the evaluation score is related to the utility preference 
of the investors, which indicates that the evaluation results are more realistic and consistent with the investors’ preference.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu 
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1. Introduction 
In the 1960s, Makowitz (1952) laid the foundation of modern portfolio theory with his mean-variance(M-V) model [1]. Later, 
Sharpe(1964)，Lintner(1965) and Mossin(1966) proposed a capital asset pricing model (CAPM) [2-4]. Based on their research, 
many scholars have put forward a number of portfolio performance evaluation methods, such as Treynor index, Sharpe ratio and 
Jensen index. These performance evaluation methods were popular with investors and widely used in practice. However, these 
evaluation methods have theoretical flaw. According to Hanoch and Levy (1969) [5], Leland (1999) [6], the validity of mean-
variance model must meets the following two conditions: First, the asset return is normal probability distributions; Second, the
utility functions of investor preferences are quadratic. Many empirical studies show that portfolio returns are not normal 
distribution, which has become the fact generally is accepted by researchers.  
On the other hand, some other researchs [7-9] confirmed that investors prefer the third-order central moment of returns 
(skewness) and disgust the fourth-order central moment (kurtosis), which means that utility functions of investors are not 
quadratic. The existence of higher-order moments characteristics affect the selection of portfolio. Since the mean-variance theory 
has the theoretical flaw, the existing performance evaluation methods which is based on mean-variance theory inherently possess
the aforementioned theoretical flaw. 
To measure the performance of portfolios or mutual funds, data envelopment analysis (DEA) has been used frequently to this 
aim. The DEA methodology has its unique advantages which don’t need the hypothesis of validity of the capital market and 
avoid the impact that the selection of the market portfolio and risk-free rate on the evaluation results.  
The purpose of this paper is to use the DEA methodology to measure the fund performance in the higher moment framework, 
considering the higher order moment characteristics of funds return which reflect the preference of investors. The evaluation 
model can take into account not only the investment cost, but also the higher moments ( skewness, kurtosis), which is more 
consistent with the distribution of returns and utility preferences of investors. So, the evaluation results are more effective, and 
also overcome the problems of the former evaluation methods. 
The rest of this paper is established as follows: Section 2 review the portfolio performance literature; Section 3 introudces the
higher moments characteristics; Section 4 gives the evaluation model in higher moments framework; we present computational 
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results using open-end funds data in Section 5 and Section 6 concludes the paper. 
2. Literature review 
The study of investment funds began in the 1950s. In the early performance of investment funds are evaluated mainly through 
two indicators, which are funds net assets and ratio of return. These indicators are easy to calculate and intuitive, but failed to 
systematically and quantitatively analyse the portfolio risk. In the 1960s, Markowitz (1952) proposed to take the variance of 
returns as risk measurement, and established the mean-variance model[1]. Based on the Markowitz’s research, Sharp (1964) and 
Lintner(1965) and Mossion (1966)  have set up the capital asset pricing model (CAPM), combining the risk with return in the 
linear form [2-4]. The risk-adjusted index based on CAPM, which means the return per unit risk, became the main method to 
evaluate the funds performance, such as [10-12]. These three indexes are ued most widely of risk-return indicators. 
Some other scholars used multi-factor models based on the Arbitrage Pricing Theory (APT) to evaluate the mutual funds 
performance, of which three-factor model [13], four-factor model [14] are the most representative. Wang  revised the TM model, 
HM model and GII model based on Fama-French three-factor model, and made an empirical study of timing ability of 33 China 
funds [15]. Tu and Zhu identified the fund's actual style by Sharpe style model, then applied Fama-French three-factor model to
the funds performance evaluation [16]. 
The traditional methods of funds performance evaluation, although are widely used, but there are many limitations on 
application. First, the returns of portfolio are negative, the traditional indexes can not be used due to conflict with their original 
meaning; Second, as said before, CAPM-based risk-adjusted indexes have theoretical flaw in itself. Meanwhile, the hypothesis of
CAPM model are too strict to meet. So these indexes are not perfect. Although multi-factor models relax the constraints, but it is 
hard to determine the impact factors. Moreover, the traditional methods do not consider the operation costs of the fund, which is
a very important factor in performance evaluation. 
To solve these problems, DEA began to be applied in fund performance evaluation. Different from the traditional methods, 
DEA is a non-parametric evaluation method. It does not need the hypothesis of the effectiveness of capital markets and could 
avoid the impact of the benchmark portfolio on evaluation result. So this approach led to the widespread concern in recent years.
Murthi, Choi and Desai (1997) first used DEA to take into account the investment costs in defining a mutual fund performance 
index DPEI [17]. McMullen and Strong (1998) used DEA model to analyze the impact of different time horizon on fund 
performance [18]. Afterward, Basso and Funari (2001) extended the DPEI, and proposed a new mutual fund performance 
indexes that take into account a variety of transaction costs and risk measure value in DEA model [19]. 
Chen and Li (2001) first applied DEA in China funds performance evaluation [20]. Afterwards, a number of models based on 
DEA are applied to analyze china funds performance. Ding (2003) applied multiple inputs and multiple outputs DEA model to 
evaluate performance of investment funds[21]. Deng and Yuan (2007) established the dynamic DEA model [22]. Xu and Zhang 
(2009) used the input oriented BCC DEA model [23]. 
At present, the traditional performance evaluation methods, such as the Sharpe ratio, Jensen index and Treynor index, are used 
most frequently in China. These performance evaluation indicators only involve first-order moment (expectation) and second-
order moment (variance) of return, based on the hypothesis that portfolio returns are normally distributed. But a large number of 
empirical studies have shown that asset returns are not normally distributed, but subject to asymmetric thick-tailed distribution. 
Meanwhile some scholars confirmed that utility function is not quadratic, and investors prefer skewness, disgust kurtosis[8]. So, 
modelling the portfolio selection in the higher moments framework is becoming a trend [24-26]. The main purpose of this article
is to use DEA methodology to evaluate the funds performance in higher moments framework, taking into account not only the 
high-order moments, especially skewness and kurtosis, but also the investment costs. 
3. Characteristics of higher moments                                                                                                                                                                 
Skewness and kurtosis are almost ignored in the performance evaluation literatures. But, as said before, there exist the 
skewness preference and kurtosis aversion for investors,which are consistent with investors utility function.  
Let be a random variable representing the rate of return of asset jr j  and j be the weight of the asset j . Then, the rate of 
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Let )( , )(v , )(  and )(  be the mean, variance, skewness and kurtosis of )(r  where 
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Let  be an investor’s utility function. Let us consider the Taylor’s series expansion of )(u ))(( ru  around )(            
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where  denotes the central moment of ]))()([()( kk rEm   thk )(r .
While it may be the best to let the model include any number of higher moments, it is difficult to derive intuitive explanations
toward the fifth and higher moments. So recent analysis about high-moment are under four moment. Let us consider the four 
order approximation of the expected utility of (4): 
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[ ( ( ))]E u r  is an increaing function of )(  and decreasing of )( . Therefore, skewness and kurtosis seem to be important 
in investors’ decision making processes due not only to empirical but also theoretical reasons. This is consistent with the notion
of behavioral theory that people attach different values to equal losses and gains when making decision under risk. 
Traditional performance evaluation methods are based on the CAPM, which implies that the investment returns are normally 
distributed and investors utility function are quadratic. CAPM supposes the value of higher moments are zeros, which are not 
consistent with empirical data. So, the CAPM-based performance measures are invalid. And fund performance evaluation should 
be conducted on higher dimensions, so as to fully and accurately reflect investors’ preferences. 
From the economic sence, investors prefer positive skewness which means an elongated tail is on the right side of probability 
distribution of returns. It indicates that the occurence probability of above-average returns is lager, which investors expect.
Investors have totally different feelings to the same level of returns and losses. Investors are willing to pay a risk premium for 
assets with positive skewness, and require a lower income. Kurtosis describes the steepness of the distribution of fund return data. 
If the kurtosis value of fund returns is low, it indicates that most of data are distributed nearby the mean. A higher kurtosis value 
implies that a higher probability of fund return undergo a major change. For investors, in order to obtain a stable income, the
smaller kurtosis is the better. 
From the options of investment, investors expect to to maximize the portfolio's skewness in order to increase the probability 
of greater return, and minimize the portfolio kurtosis in order to decrease the probability of occurrence of extreme change under
same expected returns and variance. Therefore, the higher moments are important factors in the fund performance evaluation.  
4. Efficiency measure in higher moments framework 
To take into account also the higher moments and investment costs we can use a performance measurement methodology that 
allows to evaluate the efficiency of a decision making unit in the presence of several inputs and outputs. A technique with these 
characteristics, which can be used to this aim, is data envelopment analysis (DEA), proposed by Charnes et al.(1978) [27]. 
Data envelopment analysis (DEA) is a nonparametric method for measuring the relative efficiencies of a set of similar 
decision making units (DMUs) by relating their outputs to their inputs and categorizing the DMUs into managerially efficient 
and managerially inefficient. In DEA approach, the weights of inputs and outputs are not fixed “a priori”, instead they are 
determined via an optimization process formulated to maximize the efficiency score of the DMU under evaluation.  
Using DEA approach to evaluate the funds performance yields an endogenously created benchmarking portfolio on efficient 
frontier. The efficiency of fund is the distance from the benchamarking portfolio. There are two different ways to identify the
clearly dominated mutual funds in DEA approach. One way is to fix the inputs and maximize the outputs (called “output 
oriented”). Another way is to fix the outputs and minimize the inputs (called “input oriented”). This paper chooses input oriented
BCC (extension of DEA model) to evaluate the funds performance in higher moments framework.  
Considering the characteristic of fund operation, the outputs of evaluation model are: the accumulative daily net asset value 
growth rate jR , the skewness of funds return S; the inputs are: net assets of fund at the beginning of period NAV, unit cost ratio C,
the standard deviation  , the kurtosis of funds returns K.
Suppose there are  independent funds, the efficiency measure of the fund can be solved with formulation (6). n th0j
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Suppose the solutions of (6) are , , , .j j rS  iS 
Definition 1. fund is BCC weakly efficient iff .th0j 10 j
Definition 2.  fund is BCC efficient iff  and 0thj 10 j 0rS    , 0iS
  .
5. Conclusions and future work 
5.1.  sample data 
It is for a relatively short time that China securities market has been established, even shorter that funds have operated. Many
behavior aganist rules are happened frequently at the beginning of market establishment. In addition, for a longer time horizon,
macro-economic condition of China including the economic structure has changed, and stock market will have a greater change, 
causing the comparison of different horizons not suitable. Therefore, it is reasonable to evaluate China funds performance in a
shorter horizon. This paper choose the past year as the evaluation period. 
We have tested the DEA performance evaluation approach in higher moments framework using a data set of 27 open-end 
funds. The selection criteria for the open-end funds were 5-star Morningstar star rating in past three years. Of the funds meeting
the above-mentioned criteria, We choose the dividend-adjusted daily return data of these open-end funds to evaluate their 
performance between January 1, 2010 and December 31, 2010. The data set comes from CSMAR SYSTEM(www.gtarsc.com).
5.2.  Test of normality 
The investment funds are listed in Table 1. As can be seen from the table, the returns of 27 funds in 2010 is generally low, and
fluctuated widely. Moreove there are eight funds in the past year, of which the average rate of return are less than zero. Viewing 
the higher moments statictics, the skewness statistics of all funds are less than zero , which shows a significant left skewed. It 
indicates that the occurence probability of extremely small return values of China funds is relatively large, reflecting China funds 
management level is relatively backward and the ability to obtain excess returns is not strong. The kurtosis of the funds vary 
greatly, reflecting the uneven level of management for different funds. Large kurtosis means the occurence probability of 
extreme fluctuations is large. In the sample funds, JYZX (DMU 20) has the largest kurtosis with 102.2894, a few hundred times 
larger than YHFY, which has the smallest kurtosis with 0.18. Observing from the minimum and maximum values of the two 
funds, the gaps between them for JYZX which has extreme negative rate of return -27.77% in past year, is lager than any other 
funds. As a result, the return of JYZX appear great fluctuations. 
Table 1. Descriptive statistics of the open-end funds 
DMU Code Fund minimum maximum mean Std skewness kurtosis 
1 000021 HXYS -27.2915 4.0816 -0.0169 2.4169 -6.0322 66.6701 
2 000031 HXFX -5.2373 3.8772 0.0771 1.6010 -0.5404 0.7686 
3 020001 GTJY -6.3521 3.0126 -0.0189 1.4504 -0.9378 2.3987 
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4 070099 JSYZ -4.1466 3.3199 0.0956 1.3571 -0.2972 0.1939 
5 100026 FGTH -4.5808 3.1342 0.0380 1.3520 -0.3628 0.6677 
6 162006 CCJF -18.2104 4.0119 -0.0504 1.8774 -3.8303 35.4204 
7 180012 YHFY -4.0435 3.6350 0.0627 1.3576 -0.2286 0.1800 
8 340006 XYQQ -5.0935 2.9205 0.0243 1.2856 -0.3926 1.0569
9 450002 FLKL -6.5242 3.0128 0.0002 1.3720 -0.7874 2.2761 
10 481001 GYRX -18.3034 3.6736 -0.0596 1.8299 -4.2880 40.3196 
11 519692 JYSL -4.6139 3.0927 0.0044 1.4064 -0.3150 0.2871 
12 580002 DWJZ -5.2611 5.1872 0.1131 1.4268 -0.1928 1.2666 
13 000011 HXDP -5.0032 3.8523 0.0952 1.3628 -0.5897 1.0396
14 002001 HXHB -4.4551 2.4965 0.0084 0.9600 -0.6142 1.6816
15 002011 HXHL -29.3030 3.2288 -0.1939 2.6543 -7.4493 73.8885 
16 040004 HABL -4.8560 2.7895 0.0370 1.1808 -0.3766 0.9313 
17 050007 BSPH -17.2119 3.3167 -0.0462 1.5072 -6.1923 69.5066 
18 070002 JSZZ -4.0885 2.8364 0.0946 1.2156 -0.4162 0.5030 
19 161005 FGTH -10.7152 3.3013 0.0368 1.5700 -1.5785 8.6632 
20 162102 JYZX -27.7713 3.1615 -0.0437 2.2125 -8.2834 102.2894 
21 162201 TDGS -8.6759 4.6010 0.0541 1.4476 -1.0140 5.1089 
22 162202 TDCS -9.3191 3.1558 0.0054 1.4313 -1.3896 6.7626 
23 163302 DMZY -5.6464 4.2135 0.0535 1.3432 -0.5772 2.0535 
24 163801 ZYZG -12.1068 3.5122 0.0076 1.4251 -2.6218 20.8764 
25 050106 BSWD -5.8244 1.7680 0.0162 0.4853 -6.9225 88.5887 
26 090002 DCZQ -2.6155 0.6082 0.0012 0.2965 -5.2487 42.2841 
27 288102 ZXWD -3.3386 0.8845 -0.0106 0.4344 -3.8613 26.0740 
To confirm the returns data is whether normally distributed, we used Jarque-Bera test and the Kolmogorov-Smirnov test on 
the 27 funds. The results are shown in table 2.  
As can be seen from the table 2, only 2 in 27 samples funds pass the J-B normality test at the 5% significance level. The 
proportion of non-normal distribution is up to 93%. Meanwhile 6 funds pass the K-S normality test. The proportion of non-
normal distribution is up to 78%. So, test results show that returns of China funds market is a non-normally distributed with 
peaks, thick tail characteristics. As a result, the fund performance evaluation methods under normal distribution assumption are
invalid. we have to consider the impact of the third and fourth order moments of fund return series when to evaluate fund 
performance. Only in this way can fully reflect the return-risk characteristics of funds and get more accurate performance 
evaluation results. 
Table 2. Normality test of the open-end funds  
J-B test K-S test 
DMU Code Fund
JB statistics P value KS statistics P value 
1 000021 HXYS 44413.89 0.0000 0.12 0.0000 
2 000031 HXFX 16.98 0.0002 0.06 0.0367 
3 020001 GTJY 89.53 0.0000 0.06 0.0167 
4 070099 JSYZ 3.79 0.1500 0.05 0.2000 
5 100026 FGTH 9.24 0.0098 0.05 0.2000 
6 162006 CCJF 12703.36 0.0000 0.10 0.0000 
7 180012 YHFY 2.31 0.3146 0.06 0.0432 
8 340006 XYQQ 16.44 0.0002 0.05 0.2000 
9 450002 FLKL 73.71 0.0000 0.07 0.0036 
10 481001 GYRX 16438.39 0.0000 0.11 0.0000 
11 519692 JYSL 4.61 0.0100 0.05 0.0946 
12 580002 DWJZ 16.24 0.0003 0.04 0.2000 
13 000011 HXDP 23.80 0.0000 0.09 0.0002 
14 002001 HXHB 41.57 0.0000 0.06 0.0602 
15 002011 HXHL 54986.11 0.0000 0.20 0.0000 
16 040004 HABL 13.59 0.0011 0.04 0.2000 
17 050007 BSPH 48226.95 0.0000 0.13 0.0000 
18 070002 JSZZ 9.11 0.0105 0.06 0.0253 
19 161005 FGTH 821.03 0.0000 0.08 0.0010 
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20 162102 JYZX 103896.60 0.0000 0.14 0.0000 
21 162201 TDGS 290.96 0.0000 0.07 0.0039 
22 162202 TDCS 516.02 0.0000 0.07 0.0048 
23 163302 DMZY 53.07 0.0000 0.07 0.0034 
24 163801 ZYZG 4479.49 0.0000 0.08 0.0016 
25 050106 BSWD 77781.47 0.0000 0.28 0.0000 
26 090002 DCZQ 18372.17 0.0000 0.21 0.0000 
27 288102 ZXWD 7157.66 0.0000 0.14 0.0000 
5.3. Performance evaluation results 
DEA model requires that inputs and outputs data should be positive in performance evaluation. But in my outputs indicators 
of sample funds,  the value of jR of some funds and skewness of all funds are negative. So, it is necessary to change these 
negative outputs to positive. As DEA models have the invariant properties of efficiency [28], which means the linear 
transformation of data do not change the efficient frontier, and won’t affect the relative efficiency measure, we make the 
transformation for outputs indicators by: 
0 .1 ( m in ) / (m ax m in ) 0 .9ij ij ij ij ijX X X X X      (7)
where ijX  is the value after transformation, ijX is original data. After transformation, the range of outputs data is (0，1]. 
We use lingo software to solve the evaluation model (6). To analyze the effect of higher moments on DEA efficiency, we 
calculate two efficiency measures called SCORE1 that considers and S as outputs, NAV, C,jR  and K as inputs in the higher 
moments framework and SCORE2 that considers jR as outputs, NAV, C and as inputs in mean-variance framework. The 
performance evaluation results are presented in table 3. 
We report the efficiency measures that reflect the distance from the efficient frontier. In addition, asset’s comparision 
(benchmark portfolio) on the efficient frontier can provide useful insights, providing the direction that unefficient funds adjust to 
for performance improvement. The efficient frontier is combination of seven funds in the mean-variance framework. The number 
rises to eleven in higher moment framework. Generally speaking, if some of the DMUs constitute the benchmark portfolio in 
high-frequency, it indicates that they have obvious market advantage and strong market competitiveness. So, wo can know that 
in the higher framework ZXWD, JSYZ and HXHB, the frequency of which are the top 3 in 27 funds, 12,11,9 times respectively, 
performered better than other funds in 2010. 
The efficient funds in higher moment framework are four more than that in mean-variance framework. Viewing the inputs and 
outputs data of the added four efficient funds, they all have the same higher moments characteristic of high skewness and low 
kurtosis, which means they have the ability to seize a brief market opportunity to obtain excess returns. Therefore, it is 
reasonable that the performance efficiencies of these funds improve. 
The detailed analysis shows that several inefficient funds receive considerably better efficiency measures in the higher 
moment framework than in the mean-variance framework, such as HXFX, FGTH,XYQQ and so on. Another fund with 
significant improvement in efficiency is GTJY. In the mean-variance framework GTJYdominated by TDHL that has higher 
return and lower variance. However, when the skewness and kurtosis are included into the model, GTJY becomes efficient and 
the efficiency is higher than TDHL, because it has higher skewness and lower kurtosis, which reflects the greater ability to obtain
excess returns, and to control the volatility of renturn respectively. 
On the other hand, we can found several funds such as JYZX, HXYS that do not increase their performance, or only show 
minimal improvement. This is due to the fact that all these funds have low skewness and high kurtosis, thus adding high moment 
into model does not make a difference for them. So the performance evaluation results in high moment framework is more 
effective and greater value for investors. 
Table 3. Efficiency measures  
DMU Fund SCORE1 Rating Benchmark portfolio SCORE2 Rating Benchmark portfolio 
1 HXYS 0.3864 26 4,10,27 0.3798 24 10,27
2 HXFX 0.7799 20 4,14,18 0.6990 16 4,25,27 
3 GTJY 1.0000 1-11 3 0.7610 13 4,10,27 
4 JSYZ 1.0000 1-11 4 1.0000 1-7 4
5 FGTH 0.9516 12 4,14,16,27 0.8598 9 4,10,27 
6 CCJF 0.5220 24 4,10,27 0.5008 23 10,27 
7 YHFY 1.0000 1-11 7 0.7624 12 4,10,27 
8 XYQQ 0.9090 14 14,16,18 0.3788 25 12,25,26
9 FLKL 0.8115 18-19 4,9,14,27 0.6102 19 9,10,27 
10 GYRX 1.0000 1-11 10 1.0000 1-7 10
11 JYSL 0.9374 13 7,18 0.3715 26 4,10,27 
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12 DWJZ 1.0000 1-11 12 1.0000 1-7 12
13 HXDP 0.8832 15 18,26,27 0.8807 8 18,26
14 HXHB 1.0000 1-11 14 0.7079 15 4,10,27
15 HXHL 0.2864 27 3,4,10,27 0.2749 27 10,27
16 HABL 1.0000 1-11 16 0.8235 10 4,10,27 
17 BSPH 0.6123 22 10,27 0.6123 18 10,27 
18 JSZZ 1.0000 1-11 18 1.0000 1-7 18
19 FGTH 0.7049 21 4,14,27 0.5676 20 4,10,27 
20 JYZX 0.5146 25 10,27 0.5146 22 10,27 
21 TDGS 0.8636 16 3,4,27 0.8062 11 4,10,27 
22 TDCS 0.8115 18-19 4,14,27 0.7420 14 4,10,27 
23 DMZY 0.8392 17 4,14,18,27 0.6365 17 12,25,26,27 
24 ZYZG 0.5850 23 4,14,27 0.5158 21 4,10,27 
25 BSWD 1.0000 1-11 25 1.0000 1-7 25
26 DCZQ 1.0000 1-11 26 1.0000 1-7 26
27 ZXWD 1.0000 1-11 27 1.0000 1-7 27
6. Conclusion 
This paper uses input oriented BCC model to evaluate performance of 27 open-end funds in the 2010, considering the 
investment cost and high moment characteristics of returns. Traditional performance evaluation methods based on CAPM is in 
the mean-variance framework, but a lot of the empirical study and theoretical analysis suggests that the higher moments do exist,
and affect investors’ utility. This paper takes into account the skewness and kurtosis in performance evaluation, so that it can
reflect investors’ preference, and attain more effective evaluation results. 
The empirical analysis shows that, in the higher moment, the efficiency score of investment funds will increase, the number of 
effective fund is larger. This is because the increase of output indicators in DEA analysis leads to more DMU effective, but only
the fund with larger skewness and lower kurtosis increase. In addition, the input oriented BCC model is virtually an linear model.
Thus, the focus of the next step will be to take into account some nonlinear characteristics in higher moment framework, such as
covariance, coskewness and cokurtosis, into evaluation model. 
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